Kirkpatrick-Baez multi-foil optics offer a thinner, lighter, less-expensive alternative to conventional Wolter designs for a range of space-basedtelescope applications.
Figure 1. Comparison of focal images between the KB and Wolter
systems. 2 The upper four panels show the full width at half-maximum (FWHM) in arcseconds, and the bottom four panels the focal peak intensity. 2 Historically, KB telescope applications were based on thin sheets of float glass because the quality of substrates for silicon wafers was inadequate for x-ray optics. The recent availability of substrates with considerably improved parameters and flatness now makes silicon wafers a more promising choice, especially for segmented telescopes. [3] [4] [5] Novel methods also exist for further improving the quality of thin float glass (e.g., by thermally shaping the sheets on flat mandrels). [3] [4] [5] Next-generation materials and substrates for glass foils and silicon wafers must also be thin and light. Shaping them to small radii, as called for in Wolter designs, is not an easy task. KB arrangements represent a less-laborious and hence less-expensive alternative.
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Marsikova and co-workers 2 and, more recently, Willingale and Spaan 6 investigated the feasibility of a KB system for the proposed joint NASA/European Space Agency (ESA)/Japan Aerospace Exploration Agency International X-ray Observatory (IXO). These studies indicate that employing superior-quality reflecting plates and a large focal length could achieve angular resolution of the order of a few arcseconds (see Figure 1) . Recent simulations further suggest that, in comparison to the Wolter configuration, KB optics have a reduced on-axis collecting area but a larger field of view, at comparable angular resolution. 6 Note that to achieve a similarly effective area, the focal length of the KB system must be about twice the focal length of the Wolter system. Figure 2 shows the principle of KB multi-foil optics (MFO).
Advanced KB telescopes based on the MFO approach to x-ray grazing incidence imaging optics include numerous thin reflecting substrates and foils. 5 At Rigaku Innovative Technologies Europe (RITE) in Prague, we recently designed and constructed KB test modules based on novel materials, namely, glass foils and high-quality silicon wafers. We began with a model based on ray tracing (11 or more profiles). We constructed two sets of mirrors from silicon chips 100 100 0.525mm (see Figure 2) . The total length of the optics is 600mm, and the aperture measures 40 40mm. The preliminary results of full-aperture x-ray optical tests of KB modules are promising, with full width halfmaximum of complete stacks on the order of 30 arcsec in 2D arrangement. These results justify further efforts to improve KB optics for use in low-cost, high-performance space-borne astronomical imaging. A more detailed description is provided elsewhere. 7 One very important factor in the success of the technology is the ease of constructing highly segmented modules based on multiply nested thin reflecting substrates compared with the Wolter design. For example, whereas the Wolter design for IXO/ATHENA (Advanced Telescope for High Energy Astrophysics) requires the substrates to be precisely formed with curvatures as small as 0.25m (and 0.15m for ATHENA), the alternative KB arrangement uses almost flat or only slightly bent sheets. Yet it still has the potential to achieve the required angular resolution.
In summary, the availability of high-quality novel materials such as superior silicon wafers and/or glass foils will enable the design and construction of KB x-ray optical systems with very high angular resolution at reasonable cost for various applications both in space, astronomy, as well as in the laboratory. In the near future, we plan to continue with assembling and testing KB modules with longer focal length and improved performance. 
